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Abstract 

Science students find heat, temperature, enthalpy and energy in chemical reactions to be some of the most difficult 
subjects. It is crucial to define their conceptual understanding level in these subjects so that educators can build upon 
this knowledge and introduce new thermodynamics concepts. This paper reports conceptual understanding levels of 
high school students of common thermodynamics subjects such as heat, temperature, enthalpy and energy changes in 
chemical reactions. The sample of the study was composed of 418 randomly selected students from 11 different high 
schools. A cross sectional survey model was employed in this study. Data were collected through the Conceptual 
Understanding Test (CUT), which consists of 16 questions. Cronbach's alpha reliability coefficient for the test was 0.72. 
Besides, interviews were conducted with 10 students to get qualitative data about their beliefs on the subject. The results 
of the study indicated that students’ level of conceptual understanding in thermodynamics concepts is very low. It was 
observed to be especially low for the concepts of (1) relationship between energy, enthalpy and bonds in chemical 
reactions, (2) energy and catalysts in chemical reactions, (3) changes in heat, temperature and enthalpy during change of 
state, and (4) the relationship between heat, temperature, mass and specific heat. Most of the students in this study do 
not fully understand common thermodynamics concepts although they have been studying these topics since primary 
school. 

Keywords: conceptual understanding, heat and temperature, enthalpy, energy changes in chemical reactions, catalyst 

1. Introduction 

Chemical thermodynamics is one of the most popular yet notoriously difficult chemistry subjects that abounds in 
misconceptions for students (Anderson, Taraban, & Sharma, 2005; Brook, Briggs, Bell, & Driver, 1984; Cotignola, 
Bordogna, Punte, & Cappannini, 2002; Erickson, 1979, 1980; Goedhart & Kaper, 2002; Grayson, Harrison, & Treagust, 
1995; Junglas, 2006; Laburu & Niaz, 2002; Lewis & Linn, 1994; Linn & Songer, 1991; Meltzer, 2004; Mulop, Yusof, & 
Tasir, 2012; Patron, 1997; Schonborn, Haglund, & Xie, 2014; Sokrat, Tamani, Moutaabbid, & Radid, 2014; Sozbilir, 
2001, 2003; Sozbilir, 2004). Comprising a wide range of fundamental concepts such as heat, temperature, enthalpy and 
energy changes, thermodynamics holds a crucial role in understanding all types of chemical phenomena, making it so 
popular and also challenging for students (Jasien & Oberem, 2002; Krummel, Sunal, & Sunal, 2007; Olgun, 2008; 
Petursson, 2003; Sozbilir, 2004; Yeo & Zadnik, 2001). 

The main challenge for students is the level of abstraction of concepts in thermodynamics (Ayyildiz & Tarhan, 2012; 
Ben-Zvi, Eylon, & Silberstein, 1988; Bergquist & Heikkinen, 1990; Carson & Watson, 2002; Chiu, 2007; Cox, Belloni, 
Dancy, & Christian, 2003; Huang & Gramoll, 2004; Junglas, 2006; Mulop et al., 2012; Patron, 1997). Also, because 
these concepts are part of learners’ everyday experiences, they lead to misinterpretation of the topics when they are 
introduced in science classes (Ben-Zvi et al., 1988; Bergquist & Heikkinen, 1990; Duschl & Gitomer, 1991; Herron, 
1996; Thomas & Schwenz, 1998). Numerous studies on conceptual understanding of these chemistry topics have 
revealed that students experience many problems with chemical thermodynamics. One of the problems is that many 
students cannot distinguish the concepts of heat and temperature (Lewis & Linn, 1994; McDermott, 2003; Paik, Cho, & 
Go, 2007). These students consider “heat” and “temperature” to have the same meaning and use them interchangeably 
(Erickson, 1979; Grayson et al., 1995; Kesidou & Duit, 1993; Niaz, 2006; Schonborn et al., 2014; Wiser & Carey, 1983; 
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Yalftnkaya, Tartan, & Boz, 2009). According to empirical studies 12-year-old students believed that heat is matter like 
air or vapour and that heat is the opposite of temperature and temperature of a substance depends on its volume and size 
(Erickson, 1979). Many middle school students believed a metal can conduct, absorb or hold cold better than other 
materials and so aluminium foil, not wool or cotton, is the best choice to keep cold objects cold (Lewis & Linn, 1994). 
Many grade 10 students were found to believe that temperature, unlike heat, is a variable that can be measured and 
quantified, and most stated that temperature measures or quantifies heat, while others stated that temperature can be 
measured but heat cannot be (Kesidou & Duit, 1993). Another problem emerges from the relationship between chemical 
bonding and reaction energies. Students have problems determining exothermic and endothermic reactions as well as 
bond energies. They were found to believe matter should be heated to burn (like a candle), and thus combustion 
reactions are endothermic while some who thought bond-breaking is an exothermic reaction and bond-formation is an 
endothermic reaction (Boo, 1998). Problems with concepts in thermodynamics continue at university level as well. 
Undergraduates studying thermodynamics were found to hold several misunderstandings, some of which are bond 
breaking releases energy, bond making requires energy, endothermic reactions cannot be spontaneous, and endothermic 
or exothermic reactions occur fast (Sozbilir, 2001). 

The existing research showed that students’ conceptualizations are quite different from the science ideas to be learned in 
thermodynamics and hence have a marked influence on their understanding of the related scientific ideas. In this respect, 
determining students’ conceptual understanding levels in the area of thermodynamics becomes crucial for promoting 
conceptual understanding. Conceptual understanding can be defined variously. It is generally defined as learning with 
understanding (Driver et al., 1994). It is often contrasted with declarative knowledge learning, in which the learner 
should simply memorize a relationship between things, events, or processes (Darmofal, Soderholm, & Brodeur, 2002). 
To some conceptual understanding entails more than rote memorization of relationships; it requires the ability to apply 
previous learning across some kind of previously unexpected experiences (Smith & Ragan, 1999). Thus, it can be 
defined as Ausubelian meaningful learning rather than rote learning. Conceptual understanding includes association, 
comparison, assimilation and reorganization of new knowledge with existing knowledge and transferring it to solve the 
new problematic situations. Conceptual understanding is predicated upon the reorganization of existing knowledge as 
propounded by the cognitive constructivist theory of learning to some (Duit, 1999; Piaget, 1951; Posner, Strike, Hewson, 
& Gertzog, 1982; Tobin, Tippins, & Gallard, 1994). According to Piaget, (1985) people use schemes to interpret new 
experiences concerning learners’ existing schemata through a process of assimilation and accommodation. Accordingly, 
students construct their own naive concepts by observing and investigating the world (Baser, 2006; Cahyadi & Butler, 
2004; Calik & Ayas, 2005; Carson & Watson, 2002; Chiu, 2007; Osborne & Freyberg, 1985; Pine, Messer, & St. John, 
2001). Conceptual understanding might also be interpreted within the socio-cultural constructivist theory of learning 
(Vygotsky, 1980; Duit, 1999; Kabapinar, 2006). According to Vygotsky, Teaming awakens a variety of internal 
development processes that are able to operate only when the child is interacting with people in his environment and in 
co-operation with his peers’ (Vygotsky, 1980 p;90). Learning occurs when the knowledge found in the social plane is 
internalized by the learner. Vygotskian socio-cultural constructivist view has been defined by Tharp and Gallimore, 
(1988) as ‘guided reinvention’ where a more able peer or teacher is regarded as guides in one’s learning. Learner’s 
existing knowledge is expected to be developed toward the scientific knowledge. Unless prior knowledge is properly 
associated with new knowledge, children may fail to correctly grasp new concepts, which impedes meaningful learning 
(Ausubel, Stager, & Gaite, 1968; Bodner, 1986) and leads to misconceptions (Krishnan & Howe, 1994; Ozkaya, Uce, 
Saricayir, & Sahin, 2006; Prawat, 1989). In order to preclude formation of wrong associations and foster a correct 
understanding of these topics, it is necessary to make learning meaningful (Bergquist & Heikkinen, 1990; Chiu, 2007; 
Roth & Lucas, 1997). An awareness of the fact that misconceptions prevent meaningful learning has paved the way for 
studies aiming to determine students’ levels of understanding in science concepts including those of chemistry (Cahyadi 
& Butler, 2004; Fleer, 1999; Palmer, 1999; Pfundt & Duit, 1988). 

Conceptual understanding offers the potential to engage students in learning (Wiggins, McTighe, Kiernan, & Frost, 
1998) and promote learning and thus have become an area of interest for educational research. Gaining insights into 
students’ existing conceptions might help educators design teaching approaches targeting conceptual understanding. 
These include strategies based on confronting students with the inadequacy of their ideas and strategies based on 
building bridges from a situation where students’ intuitive responses are consistent with scientific statements to the 
scientific idea to be learned. Determination of students’ conceptual level in thermodynamics topics such as heat, 
temperature, enthalpy and energy changes in chemical reactions might also help educators in selecting the more suitable 
teaching strategy to promote conceptual understanding. 

1.1 Purpose and Research Questions 

This study mainly aimed to determine high school students’ conceptual understanding levels of common 
thermodynamics subjects such as heat, temperature, enthalpy and energy changes in chemical reactions. This research 


70 




Journal of Education and Training Studies 


Vol. 4, No. 6; June 2016 


study analysed data from the Conceptual Understanding Test (CUT) and the interviews with students. It also focused on 
students’ conceptual understanding levels in common thermodynamics topics. In particular, the following research 
questions were addressed; 

(1) What are the students' conceptual understanding levels of heat, temperature, enthalpy, energy in chemical reactions 
and catalysts? 

(2) What are the areas that students misunderstand or lack any understanding about heat, temperature, enthalpy, 
energy in chemical reactions and catalysts? 

2. Method 

A cross-sectional survey was used to evaluate students’ conceptual understanding level of energy, heat, temperature and 
enthalpy. According to Fraenkel, Wallen, & Hyun, (2012) a cross-sectional survey, unlike a census, collects information 
from a sample drawn from a larger population. The information can be collected at a single time which may last up to 
several weeks. In this research, the population comprised public high school students, and the randomly selected sample 
was drawn from this population. The data were collected in a period of about fifteen days. 

2.1. Sampling Procedure and Participant Characteristics 

Data were collected from a randomly selected sample of 418 public high school students in the Anatolian side of 
Istanbul, which comprised 14 administrative districts, which made up the total accessible population. The selection 
process involved cluster and stratified random selection techniques. The 14 districts were coded and entered into the 
SPSS package program, and three were randomly selected. All the public high schools in the three districts were 
stratified according to the number of students in each, and 11 schools (4 in districts A and B, and 3 in district C) were 
randomly selected from among them. Finally, one class from each school was selected randomly. The participants were 
university candidates who were at the final stages of learning these subjects in high school. The CUT test was 
administered in 15 days under the supervision of both the teachers and researchers. 

2.2 Data Collection Tool 

The Conceptual Understanding Test (CUT) used in the pilot study included 30 multiple-choice questions which covered 
each related standard in the chemistry curriculum. The questions were validated by three high school chemistry teachers 
and three science education professors. After the suggested changes were made, the pilot study was carried out with 60 
students. The responses to the 30 items in the CUT were analysed using SPSS, and the number of questions was 
reduced to 16 after those with low discrimination power were eliminated. The reliability of the final version of the CUT 
was established by a Cronbach’s alpha coefficient (a) of .72, which proved it reliable because the rule of thumb in 
judging reliability is that it should be higher than .70 (Fraenkel et ah, 2012). The CUT consisted of two-tier items: the 
first tier consisted of items that required a content response, and the second tier consisted of items of possible reasons 
for the response. The choices in the second tier, that is the reasons, included the correct choice as well as the 
misconceptions reported in previous research. In the second tier, the students had to choose from among the four given 
options, or write down their own reason if it was not provided. After the test was conducted, interviews were carried out 
with 10 randomly selected students, who were coded A to J. 

2.2.1 Evaluating CUT 

Students who answered both tiers correctly were given 2 points; those who answered one of the tiers (content or reason) 
correctly were given 1 point; and those who answered both tiers incorrectly were given 0. When the content question 
was answered correctly but the reason question incorrectly, or vice versa, the level of understanding in that concept was 
classified as partial understanding (Peterson, Treagust, & Garnett, 1989; Ultay & (j'alik, 2016). When both questions 
were answered incorrectly, it showed no understanding had taken place. To sum up, student responses were investigated 
in three levels: 

(1) No understanding: the student answered both tiers incorrectly. 

(2) Partial understanding or misconceptions: the student answered the content question correctly but provided an 
incorrect reason or, the students answered content incorrectly but provide a correct reason. 

(3) Full understanding: the student answered the content and reason tier correctly. 
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Table 1. Standards(S), Questions (Q) and Level of Understanding According to Student Percentages. 
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SI 
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Heat exchange, relationship with 
temperature and preservation of 
total heat 

27.6 

54.4 

19 
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S2 

2,4 

Measurement of heat and 

temperature, difference between 
heat and temperature 

19 

74.3 

6.7 

100 

S3 

5,13 , 

The relationship between heat, 

42.4 

41.0 

16.6 

100 


15 

temperature, mass and specific heat 





S4 

6, 

Changes in heat, temperature and 

61.4 

31.4 

7.2 

100 


14 ,16 

enthalpy during change of state 





S5 

7, 

Heat exchange and its insulation 

21.2 

56.0 

22.8 

100 


8 ,10 






S6 

11 

The relationship between Energy, 
enthalpy and bonds in chemical 
reactions 

72 .7 

16.8 

11.2 

100 

S7 

3,12 

Energy and speed in chemical 
reactions 

10.7 

82.1 

7.2 

100 

S8 

9 

Energy and catalysts in chemical 
reactions 

64.6 

18.5 

17.5 

100 


Standard codes, related questions and percentages of the level of understanding can be seen in Table 1. For instance, 
standard 1 (Pleat exchange, relationship with temperature and preservation of total heat) is related to question 1. The 
percentage of no understanding in SI (question 1) is 27.6. The percentage of full understanding is 19%. The rest of it is 
54.4 for partial understanding or misconceptions. ‘Measurement of heat and temperature, difference between heat and 
temperature’ (coded as S2) is related to questions 2 and 4. The percentages of standards in more than one question are 
calculated as in S2. Accordingly, the number of students who got 0 from both questions in S2 (questions 2 and 4) was 
79, which, when divided into the total number of students (79/418) produced 19 percent. An analysis of the responses 
revealed three distinctive patterns. The first is the lower percentage of hill understanding in all standards, which ranged 
from 6.7% to 22.8%. The second distinctive pattern is the high levels of no understanding (S3, S4, S6, and S7), which 
rose to 72.7% for S6. The last is the high levels of partial understanding in four standards compared to the other two 
categories (SI, S2, S5, and S8). 

3. Results 

In this part, students’ level of conceptual understanding for conceptions on heat, temperature and enthalpy in chemical 
reactions are analysed according to data from both the CUT and interviews in terms of the standards. The study 
investigated the level of conceptual understanding in three categories: completely wrong or no answer, partially 
understanding or misconceptions and full understanding. 

The analysed results showed that 19% of the students fully understood the concepts of standard I (SI), while 27.6% 
failed to understand them at all or did not give any answer. 53.4 % of the students had partially understood or 
misunderstood. Some students believed that a substance with a higher temperature has a higher heat, the total heat of the 
mixture increases if the final temperature totals of the substances that make up a mixture are greater than initial 
temperature totals and heat transfer occurs from bigger substance to smaller substance. Misunderstanding of this 
concept has been identified by other studies (Kesidou & Duit, 1993) The interviews with students A, C, and D further 
supported these findings; student A, for example, said ‘if the total of temperature values of substances increases before 
they are mixed up, then the total heat also increases.’ The results of the interviews also support previous studies (Niaz, 
2006). 

The number of students who misunderstood or partially understood was even higher for S2 than for SI (74.3%). Only 
6.7% of the students fully understood S2, while 19% gave completely wrong or no answers whatsoever. Some of the 
students believed that heat and temperature can be used interchangeably and that the two concepts have the same 
meaning. The interviews provided further evidence that student conceptions of heat and temperature are ambiguous; 
Student A and D stated that heat and temperature are the same thing. Student D said that one can be used instead of the 
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other, and heat and temperature are different units but measure the same thing. These beliefs were determined by earlier 
research as well (Grayson et ah, 1995). Student A stated that heat exchange continues until total heats come to the same 
level. Student C said that heat and temperature are expression of energy in different units; they both measure the same 
thing. 

16.6 % of the students were found to fully understand the concepts in S3, while 42.4% gave completely false or no 
answers. The remaining 41% either partially understood or misunderstood them. Some of the students believed that heat 
is only connected with temperature and mass. Others believed that absorbed heat depends only on specific heat, and if 
temperature is high, heat is absolutely high (it is not connected with mass). For these students, the substance whose 
temperature rises faster has absolutely absorbed more heat. Student G stated in the interview that the heat of a substance 
which has high temperature is definitely higher than the substance which has low temperature; hence the heat of a hot 
metal spoon is definitely higher than a wooden spoon. This finding has been reported by other researchers (Kesidou & 
Duit, 1993; Lewis & Linn, 1994; Paik et ah, 2007; Schbnborn et ah, 2014; Yeo & Zadnik, 2001). Student J stated that: 
the heat of the oceans is lower than the heat of a glass of hot water. Student B and F stated nearly the same thing: the 
substance with a higher temperature has definitely absorbed more heat. 

7.2 % of the students fully understood the concepts, while 61.4 % of the students gave completely wrong or no answers, 
and 31.4 % of the students partially understood or misunderstood the concepts in S4. Most of the students believed that 
exothermic or endothermic reactions cannot be mentioned in circumstances where temperature does not change. The 
terms exothermic and endothermic are only used for chemical reactions, not for physical changes. For example, students 
FI and C believed that situations in which temperature is fixed cannot be endothermic or exothermic, and student I 
thought that enthalpy depends on ambient temperature. Moreover, a majority of the students thought that absorbed 
energy is not equal to released energy. In conceptions of heat exchange, most of the students believed that heat 
exchange continues until temperatures are even and that there is no heat exchange in constant temperature. They also 
believed that substances do not have any heat and temperature at 0°C. For instance, student A and K respectively said 
that substances do not have any temperature at 0°C, and substances do not have any heat at (PC’. These results correlate 
with the results of previous studies (Ayyildiz & Tarhan, 2012; Kartal, Oztiirk, & Yalvaq, 2011; Lewis & Linn, 1994; 
Paik et ah, 2007; Schonborn et ah, 2014; Thomas & Schwenz, 1998; Yeo & Zadnik, 2001). Many students stated that 
melting of ice is just a physical change and it is neither exothermic nor endothermic because the terms of exothermic or 
endothermic are related to chemical reactions. A similar study of (de Vos & Verdonk, 1986) reported that students had 
problems with exothermic and endothermic terms. Student H and K believed that as water freezes or melts, temperature 
does not change, namely water does not absorb or release heat so freezing of water or melting of ice cannot be 
exothermic or endothermic. 

22.8% of the students fully understood the concepts of S5 while 21.2% of the students gave completely wrong or no 
answers and 56% of the students showed partially understanding or misunderstanding. It was observed that quite a lot of 
the students had problems understanding heat exchange. It seems the students understood that if the temperature is 
increased the substance takes heat, but they failed to understand that if the temperature is decreased the substance 
releases heat. Some said that the substances take cold instead of giving heat. Moreover, some students believed that 
certain substances give heat steadily because of their nature. 

As for heat isolation, some of the students believed that wool gives heat and increases temperature, just like (Driver, 
Guesne, & Tiberghien, 1985) had found. Students FI and B stated that heat isolation is done only to increase heat, and 
one feels cold if cold is absorbed. Student J stated that the released heat is not always equal to absorbed heat. These 
findings support the findings from (Paik et al., 2007) and (Schonborn et ah, 2014). 

The lowest conceptual understanding level in this study was found to be in S6 with 72.7%. Only 11.2% of the students 
fully understood the concepts of the standard, and 16.1% partially understood or misunderstood. Some of the students 
believed that energy is needed in chemical reactions for formation of bonds and energy is released during bond 
breakage. Some researchers like (Barker & Millar, 2000; Boo, 1998; Cachapuz & Martins, 1987; Kind, 2004) found the 
same results earlier. Some other students believed that energy is needed in order to form something but everything can 
be destroyed by itself. In the interviews student I, K and F stated nearly the same thing: breaking bonds releases energy 
and creating bonds needs energy’. Student C stated that the heat in reactions is created by bonds’ breaking and the 
energy of products in exothermic reactions is higher than the reactants. Student I believed that ‘if broken bonds are 
stronger than formed bonds, heat is released’. (Boo & Watson, 2001) and (Ayyildiz & Tarhan, 2012) found the same 
misconceptions in their study. Student F stated that creating bonds is more difficult than breaking them. This 
misconception found earlier by (Barker & Millar, 2000; Boo, 1998; Greenbowe & Meltzer, 2003; Yalginkaya et al., 
2009). 

It was determined that 7.2% of the students fully understood the concepts, while 10.7 gave completely wrong or no 
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answers and 82.1% partially understood or misunderstood the concepts of S7. For example, some of the students 
believed that exothermic reactions are faster and the energy of the reactants increases in exothermic reactions. Some of 
other students believed that endothermic reactions are slower. These findings coincided with (Bodner, 1986; Cakmakci, 
2005; Kolomu 9 & Tekin, 2011; Sozbilir, 2001). In the interviews student G said that exothermic reactions end more 
quickly than endothermic reactions. Student A believed that reactions that need to gain heat occur slowly. Student K 
stated that gasoline gives more heat because it burns faster than wood, whereas Student FI stated that because gasoline 
gives more heat it burns faster than wood. 

It was determined that 17.5% of the students fully understood it, while 64.6% gave completely wrong or no answers and 
17.9% partially understood or misunderstood the concepts of S8. A large group of the students mentioned that use of 
catalysts drops the activation energy, which reduces the energy required for the reaction. Although the students stated 
that using catalysts decreases the energy required for the completion of the chemical reaction. Some believed that 
catalysts make the reactions faster without requiring energy. These misunderstandings revealed by earlier researches 
(Balci, 2006; Cakmakci, 2005; Yalginkaya, Ta§tan-Kink, Boz, & Yddiran, 2012). In the interview student B stated that 
we can cook meals with lower heat by using catalyst. Student E stated that using catalyst gives extra energy to the 
substance and increases efficiency of the reaction. 

4. Discussion 

This research study investigated students’ conceptual understanding level of certain concepts in thermodynamics. It is 
revealed according to the data from the CUT and the interviews with the students that most of the students had not 
grasped energy, heat, temperature and enthalpy concepts. Taking into consideration that they had been learning these 
topics since primary school repeatedly, we can infer that misunderstanding or lack of understanding on the subject of 
thermodynamics was alarmingly high. 

The following topics seem to be particularly at critically low level of understanding: 

• The relationship between energy, enthalpy and bonds in chemical reactions, 

• Energy and catalysts in chemical reactions, 

• Changes in heat, temperature and enthalpy during change of state (especially in this subject none of the 
students gave complete and correct explanation), 

• Relationship between heat, temperature, mass and specific heat. 

The study indicated that students had the lowest understanding level for the relationship between bonds, enthalpy and 
energy in chemical reactions, which can possibly be attributed to students’ mis-(or lack of) understanding about bond 
breaking and formation. Students had problems with the enthalpy concept and they could not associate the relationship 
between enthalpy and these concepts although they know all the concepts by heart. Some students believed that if 
chemical bonds break, energy is released (Barker & Millar, 2000; Ross, 1993). The misunderstanding might stem from 
the idea that energy is needed to make something, as a result of this which students think that making bonds requires 
some energy (Boo, 1998). 

Another issue that students had great difficulty was the relationship between heat, temperature, mass and specific heat. 
The areas of misunderstanding were again consistent with previous research as many students did not think that heat is a 
kind of energy and they believed heat and temperature are the same concepts (Wiser, 1986; Wiser & Carey, 1983) 
Moreover, they confused heat capacity and specific heat. This may have caused them to fail to understand the heat 
exchange and heat transfer mechanisms (Flarrison, Grayson, & Treagust, 1999; Paik et ah, 2007; Wiser & Carey, 1983). 
The students could not relate all four concepts but just two and they believed others have no effect. They believed that 
heat is affected just by temperature but not by mass and specific heat. 

Students also had a very low level of understanding about energy and catalysts in chemical reactions. Although they 
knew the definition of the catalyst, according to the interviews they had difficulty understanding that catalysts reduce 
enthalpy and activation energy. They thought that a catalyst gives extra energy to the reaction and increases the number 
of collisions magically. The misunderstanding might result from the short and superficial definitions of catalysis in 
textbooks (Van Driel, Verloop, & de Vos, 1998) and students’ failure to fully comprehend the concepts of collision 
theory and chemical kinetics (Balci, 2006). 

The study also revealed that students had an insufficient conceptual understanding level about changing of heat, 
changes in temperature and enthalpy during phase change, and conservation of energy. They had difficulty 
distinguishing the concepts of heat and temperature and understanding their relationship (Carlton, 2000) Instead, they 
had an alternative concept that covers some of the characteristics of heat and some of temperature (Wiser, 1986). 

The results indicated that students’ understanding of the above mentioned concepts was generally either wrong or 
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incomplete. Determining the conceptual understanding level of students can be considered to be the first step of a 
longitudinal study aiming to promote the engagement of students in learning process. The problems students face when 
studying the concepts of thermodynamics suggest that these concepts are not so easy for them to grasp and they need to 
be handled explicitly during teaching and learning process. 
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Appendix 

Sample Questions from Conceptual Understanding Test. 

Q15. Which of the statements is true about the Pacific Ocean at 5°C, and a glass of water from the Pacific Ocean that is 
heated up to 95°C? 


A. The heat of the water in the glass is higher. 

B. The heat of the Pacific Ocean is higher. 

C. We can’t compare the heat of the Pacific Ocean and the heat of the water in the glass. 

D. The heat of the Pacific Ocean and the heat of the water in the glass are the same. 


The reason is: 

1. Substances with higher temperature also have higher heat. 

2. There is no connection between temperature and heat; heat increases when mass increases. 

3. The heat is the same for both the water in the glass and Pacific Ocean because they are the same 
substance. 

4. There is no connection between heat, temperature and mass. 

5. None. I think the reason is: . 

Q7. Two different reaction occurred in the beaker A and B. The position before the reaction and after the reaction is 
seen below for each beaker. According to this; 


< 


A 




T = 20 °C T = 30 °C T = 20 D C T = 10°C 

A. The reaction in the beaker A is faster than B. 

B. The reaction in the beaker B is faster than A. 

C. The energy of the products is greater after the reaction in the beaker A. 

D. We cannot make any comment about the reaction rate of beakers. 


The reason is: 


1. Exothermic reactions occurs faster. 

2. Endothermic reactions occurs faster. 

3. The energy of reactants decreases in exothermic reactions. 

4. There is no relationship between the reaction rate and enthalpy. 

5. None. 1 think the reason is: . 


Q3 Under the same conditions (temperature, pressure and amount), the same reaction is occurred with catalyst in the 
first beaker and without catalyst in the second beaker. According to this, which of the followings is true? 


A. The first reaction needs less energy to occur. 

B. The first beaker has higher temperature after the reaction. 

C. We cannot make any comment about the temperature of beakers. 

D. The amount of the products are the same for both beakers. 

The reason is: 



With catalyst 


1. Using catalyst decreases the enthalpy. 

2. Using catalyst effects the enthalpy of different reactions in a different way. 

3. Using catalyst increases the efficiency of the reaction. 

4. Using catalyst decreases activation energy. 

5. None. 1 think the reason is: . 



Without catalyst 

II 
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